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Short Abstract — Cells interact with both tethered and 

motile ligands in their extra-cellular environment to initiate 
and regulate signaling, adhesion and migration. A 
quantitative and fundamental understanding of these 
receptor-ligand interactions is necessary for drug discovery, 
tissue engineering and biomaterial fabrication. We present a 
mean field approach to quantify the fundamental 
thermodynamics of the interaction between the cell surface 
receptors and motile ligands in solvent.
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SUMMARY OF RESULTS AND CONCLUSION

Our studies show that the free energy of interaction 
between the receptors and the motile nano-sized ligands 
depends strongly on the ligand size at nanometer scale and 
the behavior at low and high concentration shows disparity 
that cannot be explained by simple scaling laws. We find 
that at allowed concentrations for motile ligands of all 
sizes (from 0.8nm to 2.0nm), it is always larger sizes that 
is more preferred. Gibbs free energy monotonously 
increases as concentration goes up. There's an apparent 
change from small sizes (e.g. 0.8nm, 1.0nm) to large sizes 
(e.g. 1.5nm, 2.0nm) at high concentrations. The smaller 
size systems undergo a transition from bound receptor 
dominant region to free dominant with the increase of the 
surface coverage of receptor and concentration of ligand. 
On the other hand, systems containing larger ligands are 
always bound receptor dominant. From the Helmholtz free 
energy aspect, although systems of any size demonstrates 
similar decreasing trend at low concentration, the larger 
sizes show more stability, while smaller size systems all 
have a basin, i.e. minimum at high concentration. In 
addition our calculations also show the effect of the 
explicit binding energy of receptor and ligand. For any 
ligand size, the G. free energy shows a very well linear 
behavior, while the H. free energy has more structure. Our 
calculations provide insights into understanding cell-matrix 
interactions at a fundamental level as well as to identify 
potential avenues for fabrication of nano-ligands for 
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therapeutic and bio-technological purposes.

REFERENCES

[1] Alberts, B.; Johnson, A.; Lewis, J.; Raff, M.; Roberts, K.; Walter, 
P., Molecular Biology of the Cell. Fourth ed.; Garland Publishing: 
New York, 2002.

[2] Hynes, R. O.; Zhao, Q., The evolution of cell adhesion. J Cell Biol 
2000, 150, (2), F89-96.

[3] Hynes, R. O., The emergence of integrins: a personal and historical 
perspective. Matrix Biol 2004, 23, (6), 333-40.

[4] DeSimone, D. W.; Stepp, M. A.; Patel, R. S.; Hynes, R. O., The 
integrin family of cell surface receptors. Biochem Soc Trans 1987,
15, (5), 789-91.

[5] Zhu, C., Kinetics and mechanics of cell adhesion. J Biomech 2000,
33, (1), 23-33.

[6] Hammer, D. A.; Tempelman, L. A.; Apte, S. M., Statistics of cell 
adhesion under hydrodynamic flow: simulation and experiment. 
Blood Cells 1993, 19, (2), 261-75; discussion 275-7.

[7] Ward, M. D.; Hammer, D. A., A theoretical analysis for the effect 
of focal contact formation on cell-substrate attachment strength. 
Biophys J 1993, 64, (3), 936-59.

[8] Ward, M. D.; Dembo, M.; Hammer, D. A., Kinetics of cell 
detachment: effect of ligand density. Ann Biomed Eng 1995, 23, 
(3), 322-31.

[9] Hammer, D. A.; Lauffenburger, D. A., A dynamical model for 
receptor-mediated cell adhesion to surfaces in viscous shear flow. 
Cell Biophys 1989, 14, (2), 139-73.

[10] Hammer, D. A.; Lauffenburger, D. A., A dynamical model for 
receptor-mediated cell adhesion to surfaces. Biophys J 1987, 52, 
(3), 475-87.

[11] Krammer, A.; Lu, H.; Isralewitz, B.; Schulten, K.; Vogel, V., 
Forced unfolding of the fibronectin type III module reveals a tensile 
molecular recognition switch. Proc Natl Acad Sci U S A 1999, 96, 
(4), 1351-6.

[12] Gao, M.; Lu, H.; Schulten, K., Unfolding of titin domains studied 
by molecular dynamics simulations. J Muscle Res Cell Motil 2002,
23, (5-6), 513-21.

[13] Zaman, M. H., Understanding the molecular basis for differential 
binding of integrins to collagen and gelatin. Biophys J 2007, 92, 
(2), L17-9.

[14] Yang, T.; Zaman, M. H., Free Energy Landscape of Receptor 
Mediated Cell Adhesion. J Chem Phys 2007, 126, (4), 045103.

[15] Longo, G.; Szleifer, I., Ligand-receptor interactions in tethered 
polymer layers. Langmuir 2005, 21, (24), 11342-11351.

[16] Huang, Y. B.; Szleifer, I.; Peppas, N. A., Gel-gel adhesion by 
tethered polymers. Journal of Chemical Physics 2001, 114, (8), 
3809-3816.

[17] Carignano, M. A.; Szleifer, I., Statistical Thermodynamic Theory of 
Grafted Polymeric Layers. Journal of Chemical Physics 1993, 98, 
(6), 5006-5018.

[18] Huang, Y. B.; Szleifer, I.; Peppas, N. A., A molecular theory of 
polymer gels. Macromolecules 2002, 35, (4), 1373-1380.

[19] I. Szleifer and M. A. Carignano, Adv. Chem. Phys. 94, 165 (1996)
[20] W. H. Press, Numerical Recipes in C: The Art of Scientific 

Computing, Cambridge University Press, 2 edition, 1992

Cell adhesion to motile nano ligands: Effects of ligand size and 

concentration in solution

Tianyi Yang1, Muhammad H. Zaman2,3


